Introduction
Event-related (ER) fMRI (ER-fMRI) has evoked great interest due to the ability to depict the dynamic features of human brain function during various cognitive tasks. Thus far, all cognitive ER-fMRI studies have been based on blood oxygenation level-dependent (BOLD) contrast techniques (1) . When compared with BOLD contrast fMRI, perfusion-based fMRI techniques more accurately localize the neuronal activity (2) and they have been successfully applied for simple but robust tasks, such as visual and motor stimulation (3). However, the application of perfusion based ER-fMRI to cognition tasks still remains a challenge. We report the detection of brain activation during a verb generation task using perfusion based ERfMRI. Methods Experiments were performed on a 1.9 T GE/Elscint Prestige MRI scanner (GE/Elscint, Haifa, Israel) at the Research Imaging Center of the University of Texas Health Science Center at San Antonio (UTHSCSA). Five healthy human volunteers participated in this study. All subjects were right-handed, native English speaking males, ranging in age from 24-52. Informed consent, approved by the Institutional Review Board at UTHSCSA, was obtained from all subjects after the nature of the study was explained.
An inversion recovery spin-echo single-shot echo-planar imaging (EPI) sequence was used for perfusion-based imaging. The slice was centered 5 mm above the anterior commissure-posterior commissure (AC-PC) line in order to cover the major part of the Broca's area. The imaging parameters were as follows: slice thickness = 10 mm, in-plane resolution = 3.0 mm x 3.0 mm, TR/TE/Flip-Angle = 2000 ms/37 ms/90 deg, and TI = 1000 ms. A flow-sensitive alternating inversion recovery (FAIR) technique (4) was used to measure perfusion.
A total of 40 different English nouns, randomly selected from our database, were presented as the stimuli. The duration of each trial was 20 s, with 250 ms of stimulation followed by 19.75 s of fixation. After interleaving the odd and the even time points (3), 10 complete trials with 1 s temporal resolution were obtained. Functional images were generated using statistical methods described in our previous study (3) .
To more accurately characterize the time courses quantitatively, a gamma variate function was used to fit all of the time courses. Percent maximum change, time-to-peak (TTP) and full width at half maximum (FWHM) were determined from the fitted curves of each time course. Figure 1 shows the activation maps from the perfusion-based ERfMRI verb generation task from two of the five subjects. Averaged values of the maximum FAIR signal changes, TTP and FWHM were 31.6 ¡¾ 8.3 %, 6.4 ¡¾ 0.4 s and 5.6 ¡¾ 1.0 s, respectively. Percent maximum change, TTP and FWHM of the perfusion measurements for all five subjects are listed in Table 1 . The fitted curve using the gamma variate function is also illustrated in Figure 2 .
Results

Discussion
The dynamic features shown in the time course are similar to those obtained in our previous study with visual stimulation (3). However, TTP is 2~3 s longer and maximum signal change is higher. The cognitive nature of the task might be responsible for such differences.
Our results clearly show that perfusion-based ER-fMRI can effectively depict brain activation during a language stimulation task. A previous comparison study (2) involving the use of a block design paradigm showed that perfusion-based fMRI was better in localizing the activation area in comparison to BOLD-based fMRI. The results in our present language perfusion-based ER fMRI have shown that the area of activation is very well localized in the Broca's area. 
